General methods
Unless otherwise stated, all chemicals and solvents were purchased from Sigma Aldrich, TCI America, and Fisher Scientific and used without further purification. Biotin-PEG3-Azide conjugate was obtained from Sigma Aldrich. Cucurbit [7] uril CB [7] was purchased from Acros Organics. The concentration of CB [7] was determined by UV-vis titration with cobaltocenium hexapflorophosphate according to literature procedures. 1 NMR spectra were recorded on either a Varian 400 MHz spectrometer or 300 MHz Bruker spectrometer in CDCl 3 , DMSOD 6 or in D 2 O. Chemical shifts are reported in parts per million (ppm) and referenced to the residual solvent peaks.
Coupling constants (J) are reported in Hertz (Hz). MALDI-TOF spectra were recorded on a Bruker Autoflex3
Matrix Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometer (MALDI-TOF MS). Highresolution mass spectra were recorded at the Department of Chemistry, Indiana University.
Fluorescence spectra were obtained on a Varian Cary Eclipse Fluorescence Spectrophometer with 3000 µL glass cuvettes. General UV-vis spectra were recorded on a Varian Cary 50 Bio UV-Visible spectrophotometer using 1000 µL quartz cuvettes (unless otherwise specified). Guest compounds used for fluorescence displacement titrations both in solution and on the streptavidin surface were obtained from Sigma Aldrich (unless otherwise specified). Compounds N,N-dimethylmorpholine, N,N-dimethylpiperidine and 4-(Adamantan-1-ylcarboxamido)-benzenesulfonamide (AdBenzSulfonamide) were synthesized according to literature procedures. 
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Synthesis of 6-(2-hydroxyethoxy)-2-(prop-2-yn-1-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (7)
To a stirred solution of 6 (300 mg, 1.07 mmol) in DMF (2mL) was added a pre-mixed solution of KOH (90 mg, 1.6 mmol, 1.5 equiv.) in ethylene glycol (2 mL). The resulting mixture was stirred overnight under argon at room temperature. The reaction mixture was precipitated out with water. The solid mass was collected using a medium porosity fritted glass filter and dried under vacuum (195 mg, 0.66 mmol, 62% 
Synthesis of 6-(2-bromoethoxy)-2-(prop-2-yn-1-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (8)
To a solution of 7 (150 mg, 0.50 mmol) in anhydrous DMF (5 mL), PBr 3 (72 µL, 0.76 mmol) was added drop wise. The mixture was stirred under argon at 80 °C overnight. After cooling to room temperature, the mixture was cooled in an ice bath, and then precipitated out with ice-cold water. The solid mass was filtered using medium porosity fritted glass filter, washed with water and dried under vacuum (147 mg, 0.41 mmol, 82% 
Synthesis of NMI 2
A mixture of 1 (10 mg, 0.02 mmol) and Biotin-PEG 3 -Azide (10 mg, 0.02 mmol) was dissolved in a 1:1 mixture of water and tert-butyl alcohol (v:v, 14 mL). The mixture was degassed with argon, and then a freshly prepared aqueous solution (0.2 mL) of sodium ascorbate (4.00 equiv.) was added, followed by a solution (0.2 mL) of copper (II) sulphate pentahydrate (1 equiv.). The resulting mixture was stirred under argon at 50 °C for 48 hr and the solvents were removed by rotatory evaporation. The crude sample was analyzed with 1 H NMR in DMSO-d 6 .
Integration of product triazole peak (7.9 ppm) indicates quantitative formation of click product. 
Synthesis of NMI 4
To a solution of compound 8 (200 mg, 0.54 mmol) in DMF (5 mL), triethylamine (500 mg, 4.91 mmol) was added and the mixture was heated at 90 °C for 48 hrs. The mixture was dried using a rotatory evaporator. The solid mass was suspended in ethyl acetate then collected using a medium porosity fritted glass filter. The resulting product was dissolved in water and filtered using fine porosity fritted glass filter. The filtrate was collected and 
Synthesis of NMI 5
To a stirred solution of 1 (100 mg, 0.19 mmol) in 5 mL DMF, Methyl Iodide (187 mg, 1.31 mmol) was added.
The resulting mixture was stirred at 90 °C overnight. After cooling, the reaction mixture was precipitated with ethyl acetate. The solid mass was collected using medium porosity fritted glass filter then dried under vacuum . The MALDI-TOF mass spectrum of 1 in the presence of 5-fold excess of CB [7] . Specifically, NMI 1 was mixed with 5 equivalents of CB [7] , and spotted onto the target plate. After the sample dried, a 2,5- . UV-vis absorption of control bpy 3 (1.0 x 10 -5 M) with 10eq. CB [7] in ultrapure water. Figure S2 shows that with no appended bipyridine moiety, the addition of CB [7] to NMI 4 shows only a moderate effect on the absorbance of the napthalimide chromophore at 365 nm, resulting in a slight increase and 10 nm red shift likely due to de-aggregation. Figure S3 shows the absorbance changes in bpy 3 on addition of CB [7] , resulting in a significant decrease in absorbance at 262 nm suggesting that CB [7] is encapsulating the bpy moiety. Figure S7 . UV-vis absorption of NMI 1 (1.0 x 10 -5 M) upon addition of 0-5eq. CB [7] in ultrapure water. Inset:
change in absorbance at 270 nm with CB [7] concentration. Figure S4 shows the absorbance changes of NMI 1 on addition of CB [7] . The bipyridine absorbance at 270nm
shows a decrease while the napthalimide absorbance shows only a red shift with no significant intensity change.
These results, when taken together with the UV-vis data from the controls ( Figures S2 & S3 ) support the notion that only the bpy unit of NMI 1 is included within CB [7] . 
Fluorescence Quantum Yield Determination
Absorbance measurements were taken using a Hewlett Packard 8452A diode array spectrophotometer, and fluorescence spectra were obtained using a PTi Quantamaster 4 spectrophotometer fit with a Hammamatsu R928
PMT detector with quartz cuvettes. Quantum yields were determined from absorbance-corrected samples of NMIs 1 & 4, as well as NMI 1 with CB [7] following standard methods. 4, 5 Briefly, a well investigated standard (perylene) with excellent overlap of ground state absorption and emission with our samples was chosen. Samples were roughly absorbance matched to the standard at the excitation wavelength of 368 nm, followed by the collection of emission spectra, which were integrated using OriginPro 9.1 to obtain the integrated fluorescence intensity, F.
Quantum yields were determined by the following equation:
Where Φ x and Φ std are the quantum yields of the unknown and the standard, respectively, F is the integrated fluorescence intensity, f is the absorption factor (f = 1-10 -A , where A is the absorbance at 368 nm) and η is the refractive index. 
Photophysical Data & Mechanism Discussion
Cyclic Voltammetry Methods: Voltammograms were obtained using a CH Instruments CHI730A Electrochemical Analyzer. The working electrode was a glassy-carbon electrode, the counter electrode was a Pt wire, and the reference electrode was an aqueous Ag/AgCl electrode. Data were collected in water solutions containing 0.1 M tetrabutylammonium chloride (TBACl) or acetonitrile solutions containing 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF 6 ). All samples were deaerated with argon for 10 minutes prior to collection. An important consideration when performing electrochemical measurements is the electrochemical window of the solvent. This is the potential range over which the solvent is not reduced or oxidized. It was necessary to collect the oxidative electrochemistry of 1 in acetonitrile solution due to the limited oxidative potential window of water. In order to conduct these measurements in acetonitrile solution, 1 was isolated as the PF 6 salt via an anion exchange with NaPF 6 . are estimates of the half-wave potentials using the potential value when peak cathodic current is observed for the reduction potential (E 0 (+/0)) and peak anodic current is observed for the oxidation potential (E 0 (2+/+)). 
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The output of the PMT served as the input for the stop channel of the time to amplitude converter (TAC, Tennelec TC-863). Start pulses for the TAC were obtained from the synchronous TTL output of the NanoLED laser source. The output from the TAC was directed to a multichannel analyzer (Ortec, Easy MCA) where the signal was accumulated. Laser light scattered from a cuvette containing water was used to accumulate the instrument response profile. Data sets were deconvoluted using the deconvolution routine in Origin 9.1. The luminescence decays from solutions of NMI 4 and NMI 1 with CB7 were fit using single exponential decay expressions. No specific lifetime values are provided for 1 in the absence of CB7 because the lifetime of the complex is shorter than the instrument response time of our experimental set-up (200 ps). Mechanism Discussion:
Given that viologen moieties are well known as electron acceptors and that 1,8-napthalimides have been shown to undergo photoinduced electron transfer (PET) when covalently linked to both dicationic and monocationic bypyridine units, 7, 8 we believe that PET is responsible for the quenching observed in our NMI based sensors. In a PET mechanism, chromophores that contain moieties which can be oxidized and reduced by an initial excited state can result in a charge separated (CS) state. The thermodynamic feasibility of creating a CS state can be estimated using the first oxidation and reduction potentials of the particular system. If the sum of the energy (ΔE CS ) necessary to oxidize the donor (E 0 (2+/+)) and reduce the acceptor (E 0 (+/0)) is close to or below the energy of the initially formed excited state (E ES ), the formation of an equilibrium between the initial excited state and the CS state may be observed. For systems that experience an excited state equilibrium as described above, the lifetime of the overall system is a weighted average of lifetimes of the individual states and their relative percent contribution to the equilibrium; thus, population of a CS state generally results in a decrease in the S20 luminescence quantum yield of the initial excited state because charge recombination to form the ground state from the CS state is rapid relative to the luminescence from the chromophore. 6,9,10 All of the pertinent thermodynamic values for our systems are presented in Energy for the formation of the charge separated state (∆ = − ( !" )). 9 For a system in which the charge separated state is 80 mV higher in energy than the initially created excited state, an equilibrium containing ~5% charge separated state is expected. Importantly, the addition of the CB7 increases the first electron reduction potential of the complex (see Table S2 ), resulting in an energy difference of 140 mV between the initial excited state and the CS state. For this case, we expect a less than ~1% contribution of the charge separated state to the excited state equilibrium. It follows that the enhanced contribution of the charge separated state to the decay of the excited state of the non-encapsulated version of NMI 1 leads to more dramatic quenching of the initially created excited state. Addition of CB7 to the system shifts the equilibrium to favor the initially created excited state, resulting in an enhancement in the luminescence observed from the system. This conclusion is supported by luminescence lifetime and luminescence quantum yield measurements. The control NMI 4 has a luminescence lifetime of 7.7 ± 0.1 ns and luminescence quantum yield of 0.98. Inclusion of the mono-cationic bipyridine (i.e., NMI 1) results in a luminescence quantum yield that is 25 times lower than that of NMI 4 and a luminescence lifetime value (< 200 ps) that is well over an order of magnitude shorter than NMI 4. Encapsulation of the bipyridine moiety increases the luminescence quantum yield to 0.64 with a corresponding luminescence lifetime value of 4.9 ± 0.1 ns. S21
Binding Studies
Binding studies for 1:1 CB [7] guest binding and sensor displacement assays were fit in Origin 9.1 using the method described by Uzunova 11 
(1)
combining equations 1, 2 and 3 gives:
which can be re-arranged:
which fits the form : ! + + = 0, and gives as a solution:
In the course of the fluorescence titration, the total fluorescence signal (Fl) can be written as a linear combination of the mole fraction of each fluorescent species (ie, the partially quenched guest (I G ) and the fluorescent hostguest complex (I GH )). This in turn can be related to the concentration of guest in solution:
Combining (7) and (8) yields the final equation to fit the intensity change to determine K G :
To fit the data, the values for I GH and I G are determined as the maximum and minimum values from the plot (completely complexed HG and complete free G, respectively) assuming the host has no intrinsic fluorescence.
The total fluorescence of the system is then plotted vs. concentration of total host, [H] 0 , given a total guest concentration [G] 0 . The best fit is obtained with a slight (10%) allowance for variability of the I G , and I GH parameters.
Competitive Binding:
Given 
(10)
combining equation 10 with equation 11 or 12 yields:
which in combination with equation 13 yields:
which can be re-arranged to yield equation 16.
Equation 16 fits the form:
! + ! + + = 0, with constants:
This cubic equation cannot be solved analytically, necessitating a computational solution. The Newton-Rhapson method solves a trinomial by using an iterative method, wherein the ratio of the polynomial to its first derivative should go to zero as the correct value of x is approached.
With a partially quenched guest with intensity I G , and the fluorescent host-guest complex with intensity I GH , the overall fluorescence intensity of the system can be written as a linear combination of the mole fraction of each fluorescing component with their intensity, which can in turn be related to the concentration of free host in solution:
Given the intensity of the mixture, the polynomial (16) The intensities of the free indicating guest (I G ) and complexed indicating guest (I GH ) along with the equilibrium constant for initial complexation (K G ) were determined by first fitting the 1:1 binding at the concentration of the indicating guest used in the competitive binding assay. Best fits were obtained when a 10% variation was allowed in the intensity parameters. S24
Validation of Binding Compared to Acridine Orange (AO)
To assess the effectiveness of NMI 1 as a sensor, the binding of CB [7] to a known guest (Nadamantylmethylbutane-1,4-diamine, AdButamine) was investigated in solution. In addition, the same experiment was conducted with AO as the sensor for validation purposes. First the binding of CB [7] to NMI 1 and AO was probed ( Figure S8 ). Subsequently, the displacement of CB [7] from the sensors with AdButamine was investigated (AdButamine was synthesized according to the literature) 7 as shown in Figure S9 .
Figure S11: A) Binding of 2 µM AO with CB [7] in 10 mM ammonium phosphate buffer (7.2 pH), λ ex =450 nm.
Inset shows the fluorescence intensity as a function of CB [7] concentration plotted at λ=510 nm, fit to equation 9, yielding a K a of 4.5 x 10 6 M -1 . B) Binding of 2 µM NMI 1 with CB [7] in 10 mM ammonium phosphate buffer (7.2 pH), λ ex =365 nm. Inset shows the fluorescence intensity as a function of CB [7] concentration plotted at λ=455 nm, fit to equation 9, yielding a K a of 2.4 x 10 6 M -1 .
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Figure S12: A) Displacement of 2 µM AO from 1.3 µM CB [7] with AdButamine in 10 mM ammonium phosphate buffer (7.2 pH), λ ex =450 nm. Inset shows the fluorescence intensity as a function of AdButamine concentration plotted at λ=510 nm, fit to equation 18, yielding a K a of 7.8 x 10 8 M -1 for AdButamine to CB [7] . B)
Displacement of 2 µM NMI 1 from 1.3 µM CB [7] with AdButamine in 10 mM ammonium phosphate buffer (7. To correct for differences between wells on a plate (in addition to between plates), data was converted from raw fluorescence to proportional quenching relative to the initial NMI 2:CB [7] value (F 0 ) for that particular well. The ratio of F G /F 0 (percent of initial fluorescence) was converted to a percent quenching by subtracting from 1. The positive control (NMI 2:CB [7] in the absence of any competitive guests) shows a slight increase (~5%) over time (between the initial F 0 reading and the final F G reading approximately 30 minutes later), resulting in a 'negative' percent quenching. The negative control (2 alone) shows a strong decrease ranging from 89-92% quenching between replicates. For the final data plot, samples were assayed in triplicate over several days, and the percent quenching averaged across runs. Data for each run, as well as the average and standard deviation can be seen in Table S2 . AdBenzSulfonamide to CB [7] .
